POSITIONING SYSTEM FOR AN APPLICATOR AND 
POSITIONING METHOD FOR AN APPLICATOR 

BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

[0001] This invention relates to a positioning system and 
a positioning method for an applicator which can present an 
optimum position of an applicator inserted in a living body 
to an operator in order to treat an af f ectedpart of the patient . 

10 2. Description of the Prior Art 

[0002] As one of treating methods for a disease in a living 
body such as a tumor or a hypertrophy , a method is known wherein 
energy is applied to the affected part to cause coagulation 
or sphacelation of the cells at the affected part. One of 

15 measures for applying energy is an applicator for heating 
the affected part, for example, by laser heating. 
[0003] In the treatment, if some other sound part of the 
living body than the affected part is laser heated, then even 
the sound part is damaged. On the other hand, if the affected 

20 part is not laser heated appropriately, then a sufficient 
treatment effect may not be achieved. Accordingly, the 
positioning of the applicator is very significant in the 
treatment and must be conducted carefully. 

[0004] Various techniques have conventionally been 

25 proposed for the positioning of an applicator. 
[0005] Prior art (1) 

A technique is available wherein a probe having an 
ultrasonic transmission/reception section provided thereon 
together with an applicator is inserted into a body cavity. 
30 The probe can form an intracorporeal sectional image by 
transmitting and receiving an ultrasonic wave in the body 
cavity. Accordingly, a user such as a doctor can position 
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the applicator while observing the intracorporeal sectional 
image (refer to, for example, Japanese Patent Laid-Open No. 
2000-271235) . 
[0006] Prior art (2) 
5 Another technique is available wherein a probe having 

an endoscope built therein together with an applicator is 
inserted into a body cavity. A user can position the 
applicator while observing the internal surface of a living 
body by means of the endoscope via an opening provided in 
10 the probe (refer to Japanese Patent Laid-Open No. Hei 11-318928 
or U.S. Patent No. 6,383,183). 

SUMMARY OF THE INVENTION 
[0007] It is an object of the present invention to provide 

15 a positioning systemand a positioningmethod for an applicator 
which can simplify a treatment system without the necessity 
for an image production apparatus, can reduce the burden on 
the patient and can make it possible to position the applicator 
readily at an optimum position. 

20 [0008] (1) According to an aspect of the present invention, 
there is provided a positioning system for an applicator, 
comprising a diagnosing implement to diagnose of a living 
body including an affected part, a mark body provided on said 
diagnosing implement, an applicator, an energy emitter 

25 provided in said applicator and emitting energy to the living 
body, at least one sensor provided on said applicator for 
outputting a signal corresponding to a distance between the 
sensor and said mark body, and an indicator which indicate 
a preferable position of said applicator based on the output 

30 of said sensor while saidmark body is disposed in the proximity 
of the affected part through a diagnosis performed using said 
diagnosing implement . 
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[0009] With the positioning system for an applicator, since 
the mark body is provided on the diagnosing implement, while 
a doctor or the like diagnoses the affected part of a patient 
using the diagnosing implement, it can dispose the mark body 
5 using the same as a mark representative of the position of 
the affected part. Since the distance to the mark body can 
be detected by means of the sensor, the optimum position of 
the applicator can be discriminated based on the detected 
distance. Since the information detected by the sensor is 
10 presented by means of the presentation means, the user can 
position the applicator readily at the affected part in 
accordance with the presentation. 

[0010] (2) According to another aspect of the present 
invention, there is provided a positioning system for an 

15 applicator, comprising an applicator, an energy emitter 
provided in said applicator and emitting energy to a living 
body, a mark body provided on said applicator, a diagnosing 
implement to diagnose of a living body including an affected 
part, a sensor provided on said diagnosing implement and 

20 capable of detecting a distance between the sensor and said 
mark body, and an indicator which indicates a preferable 
position of said applicator based on an output of said sensor 
while said sensor is disposed in the proximity of the affected 
part through the diagnosis performed using said diagnosing 

25 implement. 

[0011] With the positioning system for an applicator, since 
the sensor is provided on the diagnosing implement, while 
a doctor or the like diagnoses the affected part of a patient 
using the diagnosing implement, it can dispose the sensor 
30 at the position of the affected part. Since the sensor can 
detect the distance to the mark body provided on the applicator, 
the optimum position of the applicator can be discriminated 
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based on the detected distance. Since the information 
detectedby the sensor is presentedbymeans of the presentation 
means, the user can position the applicator readily at the 
affected part in accordance with the presentation. 
5 [0012] (3) According to a further aspect of the present 
invention, there is provided a positioning method for an 
applicator, comprising the steps of diagnosing a living body 
including an affected part with a diagnosing implement which 
has a mark body, specifying the position of the affected part 

10 and disposing the mark body in the proximity of the affected 
part, inserting an applicator having a sensor capable of 
detecting the distance between the sensor and said mark body 
into the living body, and positioning said applicator in 
response to information indicated corresponding to an output 

15 of said sensor. 

[0013] With the positioning method for an applicator, since 
the mark body is provided on the diagnosing implement, while 
a doctor or the like diagnoses the affected part of a patient 
using the diagnosing implement, it can dispose the mark body 

20 using the same as a mark representative of the position of 
the affected part. Since the distance to the mark body can 
be detected by means of the sensor, the optimum position of 
the applicator can be discriminated based on the detected 
distance. Since the information detected by the sensor is 

25 presentedbymeans of presentationmeans, the user can position 
the applicator readily at the affected part in accordance 
with the presentation. 

[0014] (4) According to a still further aspect of the 
present invention, there is provided a positioning method 
30 for an applicator, comprising the steps of diagnosing a living 
body including an affected part with a diagnosing implement 
which has a sensor specifying the position of the affected 
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part and disposing the sensor in the proximity of the affected 
part, inserting an applicator having a mark body into a living 
body, detecting the distance between of said sensor and the 
mark body, and positioning said applicator in response to 
5 information detected by said sensor. 

[0015] With the positioning system for an applicator, since 
the sensor is provided on the diagnosing implement, while 
a doctor or the like diagnoses the affected part of a patient 
using the diagnosing implement, it can dispose the sensor 

10 at the position of the affected part. Since the sensor can 
detect the distance to the mark body provided on the applicator, 
the optimum position of the applicator can be discriminated 
based on the detected distance. Since the information 
detected by the sensor is presented by means of presentation 

15 means, the user can position the applicator readily at the 
affected part in accordance with the presentation. 
[0016] The above and other ob j ects , features and advantages 
of the present invention will become apparent from the 
following description and the appended claims, taken in 

2 0 conjunction with the accompanying drawings in which like parts 

or elements denoted by like reference symbols. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] FIG. 1 is a schematic view showing a configuration 
25 of a positioning system for an applicator; 

[0018] FIG. 2 is a flow chart illustrating a flow of 
operation of the user when it specifies an affected part of 
a patient; 

[0019] FIG. 3 is a flow chart illustrating a flow of 

3 0 operation of the user when it confirms an optimum position 

of the applicator; 

[0020] FIG. 4 is a schematic view illustrating a manner 
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in which the user treats the affected part; 

[0021] FIG . 5 is a flow chart illustrating a flow of 

operation when the system discriminates the optimum position 
of the applicator; 
5 [0022] FIG - 6 is a flow chart illustrating a flow of 

operation when the system detects a positional displacement; 

[0023] FIG. 7 is a view illustrating a manner wherein a 
mark body is detected by two sensors; 

[0024] FIG. 8 is a similar view but illustrating a manner 
10 wherein it is discriminated whether or not the applicator 
is at the optimum position; 

[0025] FIG. 9 is a view showing a screen displayed on a 
display apparatus; 

[0026] FIG. 10 is a diagram illustrating a relationship 
15 between the relative distance between a sensor and the mark 
body and the voltage detected by the sensor; and 
[0027] FIG. 11 is a view showing a sensor of a modified 
shape . 

20 DETAILED DESCRIPTION OF THE INVENTION 

[0028] Preferred embodiments of the present invention will 
now be described in detail with reference to the drawings. 
[0029] FIG. 1 is a schematic view showing a positioning 
system for an applicator. It is to be noted that various 

25 components shown in FIG. 1 are represented individually in 
a simplified shape and in a suitable size so as to facilitate 
understanding of the applicator positioning system. 
[0030] Referring to FIG. 1, the positioning system 1 for 
an applicator (hereinafter referred to simply as system 1) 

30 includes a glove 2 (diagnosing implement) for being used for 
a diagnosis of an affected part of a patient, a mark body 
3 provided on the glove 2, an applicator 4 for being inserted 
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into a living body to treat the living body, and an energy 
emitter 5 provided on the applicator 4 for emitting energy 
to the living body. The system 1 further includes two sensors 
6 provided on the applicator 4 in a substantially neighboring 
5 relationship to the energy emitter 5 for detecting the distance 
to the mark body 3, a control apparatus 70 (processor) for 
discriminating an optimum position of the applicator 4 based 
on the distance between the sensor 6 and the mark body 3 while 
the mark body 3 is disposed in the proximity of the affected 

10 part based on a diagnosis performed using the glove 2, and 
a display apparatus 8 for displaying a result of the 
discrimination by the control apparatus 70. The control 
apparatus 70 and the. display apparatus 8 may be referred to 
generally as indicator 7. 

15 [0031] The glove 2 is formed so thin that it may not degrade 
a delicate feeling of a finger and formed so tough that it 
may not be broken during treatment. For example, natural 
rubber latex is used as the material for the glove 2. The 
glove 2 is in a sterilized state in order to prevent an otherwise 

20 possible infectious disease. 

[0032] Also the mark body 3 is in a sterilized state 
similarly. The mark body 3 may be in any form only if it can 
be detected by the sensor 6. For example, where the sensor 
6 is an elastic wave sensor . preferably an ultrasonic wave 

25 sensor 6, the mark body 3 is formed from an ultrasonic wave 
reflecting element such as a metal piece . The ultrasonic wave 
reflecting member is a body having an acoustic impedance 
different from that of a living body and may otherwise be 
the air or the like other than a metal piece. Where the air 

30 is used as the mark body 3, the air is filled in and attached 
together with a balloon to the glove 2. 

[0033] The attached position of the mark body 3 preferably 
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corresponds to the tip of a finger of the glove 2. Where the 
mark body 3 is provided at the top of a finger, while the 
user keeps a posture in which it has confirmed the affected 
part through palpation, it can dispose the mark body 3 
5 substantially at the middle of the affected part. The mark 
body 3 is formed small in size and in thickness so that it 
may not degrade the feeling of a finger of the user upon 
palpation. The mark body 3 is preferably formed in a 
substantially disk-like shape free from any angle. 

10 [0034] The applicator 4 has an insertion portion 43 formed 
long in a tapering fashion toward the distal end thereof and 
has a holding portion 44 provided on a proximal end side thereof 
and having a shape with which the holding portion 4 4 can be 
held readily. The insertion portion 43 has the energy emitter 

15 5 built therein and has a window 41 provided therein for 
radiating energy toward the living body therethrough. The 
energy emitter 5 is connected to an energy generator 9 through 
an energy route 42 extending along the inside of the insertion 
portion 43. The energy generator 9 generates energy in 

2 0 accordance with an instruction by the user to start a diagnosis . 
Here, the energy generated by the energy generator 9 is an 
electromagnetic wave such as a laser beam, a microwave or 
a radiof requency wave and is supplied from the energy emitter 
5 to the affected part to heat and treat the affected part. 

25 [0035] Two sensors 6 are provided in the proximity of the 
energy emitter 5. The sensors 6 are disposed at positions 
spaced equally from the center of the energy emitter 5 and 
the window 41 in a juxtaposed relationship on a straight line 
parallel to the lengthwise direction of the insertion portion 

30 43. The sensors 6 are preferably provided on an outer face 
of the insertion portion 43 in order to detect the mark body 
3 provided on the glove 2 . The sensors 6 are connected to 
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the control apparatus 70 through signal lines not shown which 
extend through the inside of the insertion portion 43. Also 
the display apparatus 8 is connected to the control apparatus 
70. The control apparatus 70 includes a storage section 71 
5 for storing predetermined information. 

[0036] Now, description is given of how the system 1 is 
used for treatment by the user with reference to FIGS. 2 to 
4. The following description relates to a case wherein 
treatment of prostatic hypertrophy is conducted. 

10 [0037] FIG. 2 is a flow chart illustrating a flow of 

operation of the user when it specifies an affected part of 
a patient; FIG. 3 is a flow chart illustrating a flow of 
operation of the user when it confirms the optimum position 
of the applicator 4 ; and FIG. 4 is a schematic view illustrating 

15 a manner in which the user treats the affected part. 

[0038] First, the user would wear the glove 2 on which the 
mark body 3 is provided in preparation for the treatment (step 

511) . Then, the user would fill the rectum with physiological 
saline or sterilized water, insert the finger on which the 

20 mark body 3 is provided (for example, the middle finger) into 
the rectum and start the palpation of the affected part (step 

512) . Here, in the case of the prostatic hypertrophy, the 
most swollen portion of the spherical prostate is the center 
of the affected part. 

25 [0039] The user would specify the most swollen portion of 
the prostate as the affected part through the palpation (step 

513) and dispose themarkbody 3 at the position of the specified 
affectedpart (stepS14) . Here, the user would closely contact 
the mark body 3 with the wall of the rectum on the affected 

30 part side. This is intended to facilitate propagation of the 
ultrasonic wave. Since the palpation of the user is used, 
the most swollen portion of the prostate can be specified 
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readily. 

[0040] While the user keeps the state wherein it inserts 
the middle finger in the rectum and disposes the mark body 
3 at the affected part, it would insert the insertion portion 
5 43 of the applicator 4 into the living body (step S21) . Here, 
since the treatment of the prostatic hypertrophy is to be 
performed, the applicator 4 is inserted into the urethra. 
[0041] The user would operate the applicator 4 in accordance 
with a display of the display apparatus 8 to position the 

10 applicator 4 (stepS22). The user would discriminate whether 
or not a display of an optimum position is given on the display 
apparatus 8 (step S23) . If a display of an optimum position 
is not given (step S23 : NO) , then the positioning is continued. 
If a display of an optimum position is given (step S23: YES) , 

15 then the user would fix the applicator 4 at the position and 
start treatment of the affected part (step S24). Here, to 
start treatment particularly signifies to turn the switch 
of the energy generator 9 ON to instruct the system 1 to supply 
the energy. The prostate surrounds the urethra as seen in 

20 FIG. 4. In order to treat the prostatic hypertrophy part, 
the applicator 4 is rotated successively by an arbitrary angle 
to supply the energy to the prostatic hypertrophy part. 
[0042] Now, action of the system 1 is described with 

reference to FIGS. 5 to 9.. 

25 [0043] FIG. 5 is a flow chart illustrating a flow of 

operation when the system 1 discriminates the optimum position 
of the applicator; FIG. 6 is a flow chart illustrating a flow 
of operation when the system 1 detects a positional 
displacement; FIG. 7 is a view illustrating a manner wherein 

30 the mark body 3 is detected by two sensors 6; FIG. 8 is a 
similar view but illustrating a manner wherein it is 
discriminated whether or not the applicator is at the optimum 
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position; and FIG. 9 is a view showing a screen displayed 
on the display apparatus 8 . The procedure illustrated in FIG. 

5 indicates operation after the processes at steps Sll to 
S21 illustrated in FIGS. 2 and 3 are completed. Further, in 

5 the following description, the sensor 6 is an ultrasonic wave 
sensor 6, and the mark body 3 is a metal piece. 
[0044] The system 1 starts oscillation of an ultrasonic 
wave having directivity by means of the sensors 6 as seen 
inFIG. 7 (stepS31) . If the mark body 3 is present at a position 
10 at which the ultrasonic wave hits on the same, then since 
the ultrasonic wave is reflected by the mark body 3, the sensors 

6 receive the reflected ultrasonic wave and output reception 
signals to the control apparatus 70 (step S32) . The control 
apparatus 7 0 measures the periods of time required to receive 

15 the ultrasonic wave after oscillated and calculates the 
distances to the mark body 3 based on the measured periods 
of time (step S33) . 

[0045] The control apparatus 70 discriminates whether or 
not the distances to the mark body 3 calculated with regard 

20 to the two sensors 6 are substantially equal to each other 
(step S34) . If they are not equal to each other (step S34: 
NO) , then the processes at the steps beginning with step S31 
are repeated. If the distances (Da, Db) are substantially 
equal to each other (step S34 : YES) as seen in FIG. 8, then 

25 the control apparatus 70 discriminates that the applicator 
4 is now at its optimum position and controls the display 
apparatus 8 to display that the applicator 4 is at the optimum 
position (step S35) . The control apparatus 70 stores the 
distances between the sensors 6 and the mark body 3 when it 

3 0 is discriminated that the applicator 4 is at its optimum 
position into the built-in storage section 71 (step S36) . 
Then, the processing advances to the procedure illustrated 
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in FIG. 6. 

[0046] The control apparatus 70 discriminates whether or 
not an energy supplying instruction is inputted by the user 
(step S41) . The control apparatus 70 waits until an energy 
5 supplying instruction is inputted (step S41: NO) . If such 
an instruction is inputted (step S41: YES), then the control 
apparatus 70 starts counting of the period of time for the 
energy supply (stepS42) . Simultaneously, the energy emitter 
5 starts supply of energy to the affected part (step S43) . 

10 [0047] Further, the system 1 periodically oscillates 

ultrasonic waves by means of the two sensors 6 (step S44) 
and receives the ultrasonic waves reflected by and returned 
from the mark body 3 (step S45) . The control apparatus 70 
measures the periods of time before the reception after the 

15 oscillation of the ultrasonic wave is started and then 
calculates the distances to the mark body 3 (step S46) . 
Further, the control apparatus 70 calculates, based on the 
calculated distances, a positional displacement from the 
position then to the optimum position of the applicator 4 

20 stored in the storage section 71 (step S47) . 

[0048] The control apparatus 70 discriminates whether or 
not the positional displacement is within an allowable range 
(step S48) . If the positional displacement is within the 
allowable range (step S48: YES), then the control apparatus 

25 70 refers to the count value of the period of time of the 
energy supply started at step S42 to discriminate whether 
or not a period of time for supply set as a period of time 
necessary for the intended treatment elapses (step S49) . If 
the preset time period does not elapse (step S49: NO), then 

30 the processing returns to step S44 while the control apparatus 
70 continues the supply of energy. However, if the preset 
time period elapses based on the count value of the supply 
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time period (step S49: YES) , then the control apparatus 70 
stops the energy supply (step S50) and controls the display 
apparatus 8 to display that the treatment is completed (step 
S51) , thereby ending the treatment process for the affected 
5 part. 

[0049] On the other hand, if the positional displacement 
of the applicator 4 from the optimum position is outside the 
allowable range (step S48: NO), then the display apparatus 
8 issues alarming sound and displays a warning display on 

10 the screen thereof as seen in FIG. 9 (step S52) . In response 
to the warning, the user can correct the positional 
displacement. The control apparatus 70 discriminates 
whether or not 3 seconds or more elapse after the positional 
displacement occurs (step S53) . Thus, the control apparatus 

15 70 repeats the detection of the positional displacement at 
steps S44 to 48 for the period of time of 3 seconds (step 
S53 : NO) . If the positional displacement is corrected within 
the period, then the processing advances from step S48 to 
step S49. 

20 [0050] However, if 3 seconds or more elapse after the 
occurrence of the positional displacement (step S53: YES), 
then the energy emitter 5 interrupts the supply of energy 
(stepS54) and the treatment is interrupted (stepS55). Here, 
it is assumed that the period of time after the positional 

25 displacement occurs is measured after the control apparatus 
70 discriminates at step S48 that the positional displacement 
is outside the allowable range. Then, the display apparatus 
8 displays that the treatment is interrupted (step S56) to 
notify the user of the interruption and then waits until the 

30 applicator 4 is returned to the appropriate position and the 
treatment is resumed. 

[0051] Now, the foundation on which it is discriminated 
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at step S34 that the applicator 4 is at its optimum position 
when the distances to the mark body 3 detected by the two 
sensors 6 are equal to each other is described with reference 
to FIG. 8. 

5 [0052] In FIG. 8, an imaginary chain line V is indicated 
at a position at which the mar k body 3 is disposed . As described 
hereinabove, the two sensors 6 are disposed at distances equal 
to each other from the center of the energy emitter 5. In 
other words, the center of the energy emitter 5 is positioned 

10 at the center between the two sensors 6. 

[0053] The sensor 6 on the left side in FIG. 8 is represented 
as sensor 6a while the sensor 6 on the right side is represented 
as sensor 6b. The distances to the mark body 3 calculated 
based on transmission and reception of ultrasonic waves by 

15 the sensors 6a and 6b are represented as distance Da and 
distance Db, respectively. Further, a point at which a 
straight line interconnecting the sensors 6a and 6b and the 
imaginary chain line V intersect with each other is represented 
as intersecting point I . 

20 [0054] When the distance Da and the distance Db are not 
equal to each other, the triangle including the three points 
of the sensor 6a, sensor 6b and mark body 3 do not make an 
isosceles triangle . Accordingly, since the distance from the 
sensor 6a to the intersecting point I and the distance from 

25 the sensor 6b to the intersecting point I are not equal to 
each other, the center of the energy emitter 5 and the mark 
body 3 are displaced in position from each other. 
[0055] On the other hand, where the distance Da and the 
distance Db are equal to each other, the triangle including 

30 the three points of the sensor 6a, sensor 6b and mark body 
3 is an isosceles triangle. Accordingly, since the distance 
from the sensor 6a to the intersecting point I and the distance 
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from the sensor 6b to the intersecting point I are equal to 
each other, the center of the energy emitter 5 and the mark 
body 3 coincide in position with each other. In other words, 
the positions of the center of the energy emitter 5 and the 
5 center of the affected part coincide with each other. In this 
instance, the energy emitter 5 can irradiate energy radially 
from the center of the affected part. Consequently, energy 
can be supplied sufficiently to the affected part. 
[0056] From the reason described, it can be determined that 

10 the applicator 4 is at its optimum position where the distance 
Da and the distance Db are equal to each other. 
[0057] It is to be noted that the allowable range for the 
discrimination of the positional displacement at step S48 
is determined in advance from the point of view of whether 

15 or not the supply of energy in the state of the positional 
displacement has a seriously bad influence on the living body. 
[0058] As described above, according to the system 1 of 
the present embodiment, since the mark body 3 is provided 
on the glove 2, the user can dispose the mark body 3 as a 

20 mark indicative of the position of the affected part while 
the user performs palpation using the glove 2. Since the 
distances to the mark body 3 can be detected by means of the 
sensors 6, the optimum position of the applicator 4 can be 
discriminatedbasedon the detected distances . Since a result 

25 of the discrimination is displayed by the display apparatus 
8, the user can position the applicator 4 at the affected 
part readily in accordance with the display. 
[0059] Further, since the sensor 6 oscillates an ultrasonic 
wave and besides receives it, the configuration of the 

30 applicator 4 is simplified and the diameter of the applicator 
4 can be reduced. Consequently, the burden on the patient 
can be reduced. Furthermore, since the mark body 3 has an 
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acoustic impedance different from that of a living body, it 
is detected with certainty by means of the sensors 6. 
[0060] Further, since the two sensors 6 are provided, if 
the distances from the sensors 6 to the mark body 3 are 
5 calculated, then when the distances coincide with each other, 
the position of the applicator 4 then can be discriminated 
decisively as the optimum position. 

[0061] Since the display apparatus 8 displays it by sound 
and an image that the applicator 4 is positioned at its optimum 

10 position, the user can confirm the optimum position of the 
applicator 4 using the auditory sense and the visual sense 
thereof, respectively. It is tobe noted that the presentation 
to the user may be based on either one of an image and sound. 
[0062] Further, since the display apparatus 8 displays a 

15 warning by sound and an image also when the position of the 
applicator 4 is displaced from the optimum position, the user 
can confirm the warning using the auditory sense and the visual 
sense thereof, respectively. Although a technique that an 
expansion portion which can be expanded by an extracorporeal 

20 operation is provided and hooked intracorporeally in order 
to fix the position of the applicator 4 is conventionally 
available, a defect of the technique can be overcome. In 
particular, since a patient has some individual difference, 
the applicator 4 cannot necessarily be fixed by the expansion 

25 portion of the conventional technique, and even if some 
positional displacement occurs with the applicator 4, this 
cannot be detected and there is the possibility that the normal 
living body may be damaged. However, according to the present 
embodiment, although the applicator 4 is not fixed by a special 

30 mechanism, since a positional displacement can be detected, 
a sufficient treatment effect can be achieved without damaging 
the normal living body. It is to be noted that the presentation 
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of the warning may be performed by one of an image and sound. 
[0063] Further, since the mark body 3 can be sterilized, 
it does not give rise to an infectious disease and can be 
introduced into the living body in safety. Since the mark 
5 body 3 is thin and small and is formed in a substantially 
round shape free from an angle so that it may not have an 
influence on the palpation, the user can perform the palpation 
without degradation of the delicate feeling of the fingertip. 
[0064] Furthermore, the embodiment described above is 

10 suitable for treatment of the prostatic hypertrophy because 
the applicator 4 is inserted in the urethra and the sensor 
6 is disposed in the rectum. 
[0065] (Modifications, etc.) 

Now, particular operations or different operations of 

15 and modifications to the components described above in 
connection with the embodiment are described. 
[0066] (Modification to the Indicator 7) 

The indicator 7 may be modified such that it uses only 
sound as the presentation method thereof and calculates a 

20 difference between the distances between the two sensors 6 
and the mark body 3 from outputs of the two sensors 6 and 
then performs presentation by high/low and/or strong/weak 
of sound based on the difference. Where the modified 
configuration is adopted, since the sound changes (for example, 

25 the sound volume decreases) upon insertion of the applicator 
4 and the direction of the change of the sound reverses (for 
example, the sound volume increases) when the applicator 4 
passes its optimum position, the user can discriminate the 
position upon the change as the optimum position. Thus, the 

30 user can move back the excessively inserted applicator 4 and 
position the applicator 4 at the optimum position. 
[0067] (Warning Display) 
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At step S52 described above, the system 1 performs such 
warning display as seen in FIG. 9. According to the warning 
display, also the error from the optimum position of the 
applicator 4 stored at step S36 can be displayed. For example, 
5 where there is an error of +3 mm in the insertion direction 
of the applicator 4, that there is a displacement of +3 mm 
can be displayed together with a display of displacement as 
seen in FIG. 9. Here, the error is calculated based on the 
distance to the mark body 3 determined from the times required 
10 for back and forth travel of ultrasonic waves between the 
two sensors 6 and the mark body 3. 

[0068] Details are described with reference to FIG. 8. If 
the position of the applicator 4 is displaced from the optimum 
position, then the distance Da from the sensor 6a to the mark 

15 body 3 and the distance Db from the sensor 6b to the mark 
body 3 become different from each other. The distances from 
the sensors 6a and 6b to the intersecting point I can be 
calculated based on the values of the distances Da and Db 
at this time, respectively. The error can be calculated by 

20 comparing the distance values then with the distance from 
the sensor 6a to the intersecting point I when the applicator 
4 is at the optimum position. 

[0069] Here, upon warning display, it is discriminated 
which one of the distances from the sensor 6a on the distal 

25 end side and the sensor 6b on the proximal end side is greater 
to discriminate whether the applicator 4 is displaced to the 
distal end side or the proximal end side, and a result of 
the discrimination is displayed. More particularly, when the 
distance between the mark body 3 and the sensor 6a on the 

30 distal end side is greater than the distance between the mark 
body 3 and the sensor 6b on the proximal end side, it is 
discriminated that the applicator 4 is displaced to the distal 
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end side, and a display for urging the user to draw the 
applicator 4 to the proximal end side is displayed. On the 
contrary, when the distance between the mark body 3 and the 
sensor 6a on the distal end side is smaller, it is discriminated 
5 that the applicator 4 is displaced to the proximal end side, 
and a display for urging the user to push the applicator 4 
to the distal end side is displayed. 
[0070] (Modifications to the Sensors) 
[0071] <Number of Sensors> 

10 The embodiment described above involves two sensors 6. 

However, the number of sensors 6 may be greater than two or 
otherwise be one. The accuracy can be raised as the number 
of sensors 6 increases. Also where the number of sensors 6 
is greater than two, the optimum position of the applicator 

15 4 can be determined by calculating the distance to the mark 
body 3 similarly as in the case where the number of sensors 
6 is two. Therefore, overlapping description of the 
determination of an optimum position of the applicator 4 is 
omitted herein to avoid redundancy. 

20 [0072] A technique for discriminating an optimum position 
of the applicator 4 where the number of sensors 6 is one is 
described. The sensor 6 is attached to the applicator 4 at 
a position corresponding to the center of the energy emitter 
5. In particular, the sensor 6 and the center of the energy 

25 emitter 5 are juxtaposed on a straight line in a radial 
direction of the applicator 4. Here, it is assumed that the 
mark body 3 is disposed at the center of the affected part 
by the user in accordance with the processes up to step S14 
described hereinabove. 

30 [0073] As described above, the sensor 6 oscillates an 
ultrasonic wave to the mark body 3 and measures the period 
of time before it receives the ultrasonic wave reflected from 
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the mark body 3 to calculate the distance to the mark body 
3. This is also possible where the number of sensors 6 is 
one, that is, only one sensor 6 is involved. However, 
different from the case wherein two sensors 6 are involved, 
5 it is impossible to discriminate an optimum position from 
the fact that the distances to the mark body 3 are equal to 
each other. 

[0074] Here, the control apparatus 70 successively detects 
the distance to the mark body 3 using the single sensor 6 

10 and stores the thus detected distance values into the storage 
section 71 so that they can be compared with each other. As 
the insertion of the applicator 4 proceeds, initially the 
distance to the mark body 3 detected exhibits a decrease, 
but after the mark body 3 is passed, the detected distance 

15 now exhibits an increase. Accordingly, the position of the 
applicator 4 at which the distance begins to increase is the 
optimum position of the applicator 4. Based on this, the 
control apparatus 70 can successively measure the distance 
between the mark body 3 and the sensor 6 and compare the measured 

20 distance values, and can discriminate the position at which 
the sensor 6 is positioned nearest to the mark body 3 as the 
optimum position of the applicator 4. 
[0075] <Voltage Detection by the Sensor> 

Also it is possible for each of the sensors 6 to detect 

25 the intensity of an ultrasonic wave upon reception of the 
ultrasonic wave as a voltage. In this instance, even if the 
back and forth travel time of the ultrasonic wave between 
the sensor 6 and the mark body 3 is not measured as described 
above, the optimum position of the applicator 4 can be 

30 discriminated. A capacity of the sensor 6 for detecting a 
voltage of an ultrasonic wave is described under the following 
particular conditions . 
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[0076] (1) A PZT (lead zirconate titanate) oscillator 

having a high gain at 15 MHz is used as the sensor 6. 
[0077] (2) A metal chip (flat plate of stainless steel) 
having a diameter of 5 mm is used as the mark body 3. 
5 [0078] (3) The mark body 3 of (2) is adhered to the glove 
2 and water is infused into between the inside of the glove 

2 and the hand. 

[0079] (4) The glove 2 is disposed so that the mark body 

3 may be positioned at a distance of 22 mm from the sensor 
10 6. The position of the glove 2 is fixed. It is to be noted 

that the distance of 22 mm is an average distance from the 
rectum to the urethra among patients of the prostatic 
hypertrophy. 

[0080] Under the conditions, the sensor 6 was moved 

15 parallelly with respect to the mark body 3. The parallel 
movement was performed in a certain one direction (X direction : 
for example, the direction of the longitudinal axis of the 
insertion portion 43) and a perpendicular direction (Y 
direction) . At this time, a result illustrated in FIG. 10 
20 was obtained. FIG. 10 is a view illustrating a relationship 
between the relative distance between the sensor 6 and the 
mark body 3 and the voltage detected by the sensor 6. The 
axis of abscissa indicates the relative distance between the 
sensor 6 and the mark body 3, and the axis of ordinate indicates 
25 the voltage. In FIG. 10, the relationship when the sensor 
6 was moved in the X direction is indicated by a solid line, 
and the relationship when the sensor 6 was moved in the Y 
direction is indicated by a broken line. 

[0081] As seen from FIG. 10, as the relative distance between 
30 the sensor 6 and the mark body 3 decreases, the voltage detected 
exhibits a sudden increase. Particularly where the sensor 
6 is moved in the Y direction, the voltage variation is 
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significant and can be discriminated on the order of 1 mm 
in the distance of movement. On the other hand, it is 
considered that the reason why such a significant voltage 
variation is not obtained where the sensor 6 is moved in the 
5 X direction depends upon the posture of the sensor 6 or 
unevenness of the wave front of the ultrasonic wave 
transmitted. 

[0082] In this manner, also where the sensor 6 which can 
detect an ultrasonic wave as a voltage is used, it is considered 

10 based on the variation of the output voltage of the sensor 
6 that the position at which the voltage value exhibits its 
peak value is the optimum position of the applicator 4. 
Accordingly, the sensor 6 can be applied to the system 1 for 
the applicator 4 . 

15 [0083] <Magnetic Sensor> 

A magnetic sensor can be used in place of the ultrasonic 
wave sensor 6 . As the magnetic sensor, a magnetic sensor which 
can measure a magnetic field with a high degree of accuracy 
such as an MI sensor or an MR sensor is preferably used. Where 

20 a magnetic sensor is used, a magnetic material such as a magnet 
or an induction coil is used as the mark body 3. The magnetic 
sensor can measure the distance to the mark body 3 based on 
a magnetic field generated by the magnetic material or the 
induction coil. 

25 [0084] <Form of the Sensor> 

FIG. 11 is a view showing a modified form of the sensor 

6. 

[0085] In the embodiment described hereinabove, the 

sensors 6 are disposed at one point on a circumference of 
30 the applicator 4. However, the ultrasonic sensors can be 
provided along an outer periphery of the applicator 4 of a 
cylindrical shape as shown in FIG. 11. Where a PZT oscillator 
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is used, a plurality of ultrasonic wave sensors 60 are disposed 
in an array on the applicator 4 . The ultrasonic wave sensors 
60 can be formed in an elongated shape using a piezoelectric 
polymer such as PVDF as a material therefor and disposed around 
5 the applicator 4. 

[0086] Where the ultrasonic wave sensors are provided along 
the outer periphery of the applicator 4 in this manner, even 
if the applicator 4 is rotated around its axis for treatment 
of the affected part, ultrasonic waves reflected from the 

10 mark body 3 can be received by the ultrasonic wave sensors 
60, and consequently, the optimum position of the applicator 
4 can be discriminated. This is particularly effective when 
the prostate is treated from the urethra over the range of 
360° around the urethra as in the treatment of the prostatic 

15 hypertrophy. 

[0087] (Discrimination Time before Interruption of 

Treatment) 

The period of time, at step S53 of the embodiment described 
above, before interruption of the treatment is discriminated 

20 after a positional displacement occurs is set to 3 seconds. 
However, the period of time may be set to any period only 
if no damage to the living body occurs even if energy is supplied 
in response to a positional displacement. 
[0088] (Energy emitter) 

25 The energy emitter 5 may supply energy not only in the 

form of a magnetic waveform but also in the form of an acoustic 
wave or electric current to the affected part. This makes 
it possible to treat the affected part using the energy in 
the form of an acoustic wave or electric current. 

30 [0089] (Other Application) 

In the embodiment described above, the positioning 
system 1 for the applicator 4 is used for the treatment of 
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the prostatic hypertrophy. However, it can be applied not 
only to the treatment of the prostatic hypertrophy but also 
to the treatment of any other part. For example, in the 
treatment of the esophagi, it is possible to use the glove 
5 2 to palpate the af f ectedpart extracorporeally from the throat, 
the breast or the belly to dispose the mark body 3 at the 
position of the affected part and then insert the applicator 
4 from the mouth and present the optimum position of the 
applicator 4 to the user in such a manner as described 

10 hereinabove. 

[0090] (Replacement of the Mark Body and the Sensors) 

In the embodiment described above, the mark body 3 is 
provided on the glove 2 while the sensors 6 are provided on 
the applicator 4 . However, it is otherwise possible to replace 

15 the mark body 3 and the sensor 6 with each other such that 
the sensors 6 are provided on the glove 2 and the mark body 
3 is provided on the applicator 4. The arrangement in this 
instance is different from the embodiment described 
hereinabove in addition to the replacement of the positions 

20 at which the mark body 3 and the sensors 6 are provided only 
in that the control apparatus 7 0 and the display apparatus 
8 are connected to the glove 2 side. Therefore, detailed 
description of the arrangement is omitted herein to avoid 
redundancy. 

25 [0091] The user would use the glove 2 with the sensors 6 
to palpate the affected part of the patient to dispose the 
sensors 6 in the proximity of the affected part . Consequently, 
the positioning system for the applicator 4 detects the mark 
body 3 provided on the applicator 4 by means of the sensors 

30 6, discriminates the optimum position of the applicator 4 
based on the detected distances and displays the optimum 
position on the display apparatus 8. 
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[0092] Accordingly, also with the present modified system, 
the user can position the applicator 4 readily at the affected 
part in accordance with the display of the display apparatus 
8. 

5 [0093] (Effects of the Invention) 

Since the mark body is provided on the diagnosing 
implement, while a doctor or the like palpates the affected 
part of a patient using the diagnosing implement , it can dispose 
the mark body using the same as a mark representative of the 

10 position of the affected part . Since the distance to the mark 
body can be detected by means of the sensor, the optimum 
position of the applicator can be discriminated based on the 
detected distance. Since a result of the discrimination is 
presented by means of the presentation means, the user can 

15 position the applicator readily at the affected part in 
accordance with the presentation. 

[0094] The mark body can be detected readily by means of 

the elastic wave sensor or the magnetic sensor. 

[0095] Since the ultrasonic wave sensor oscillates an 

20 ultrasonic wave and besides receives the ultrasonic wave, 
the applicator is simplified in configuration and the diameter 
thereof can be reduced. Consequently, the burden on the 
patient can be reduced. Further, since the mark body has an 
acoustic impedance different from that of the living body, 

2 5 it can be detected with certainty by the ultrasonic wave sensor . 
[0096] Also where the applicator is rotated to perform 
treatment of the affected part, the mark body can be detected 
by means of the ultrasonic wave sensor, and the optimum posit ion 
of the applicator can be discriminated. 

30 [0097] The single sensor can be used to successively measure 
the distance between the mark body and the sensor and compare 
the measured distance values, and when the sensor is positioned 
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nearest to the markbody, the optimumposition of the applicator 
can be discriminated readily. 

[0098] Where two sensors are provided, when the distances 
between the sensors and the mark body coincide with each other, 
5 the position of the applicator then can be determined 
decisively as the optimum position of the applicator. 
[0099] The optimum position of the applicator can be 

confirmed using at least one of the visual sense and the 
auditory sense. 

10 [0100] When the position of the applicator is displaced 
from the optimum position, since a warning is presented by 
an image or by sound, the warning can be confirmed using at 
least one of the visual sense and the auditory sense. 
[0101] Energy of any one of an acoustic wave, an 

15 electromagnetic wave and electric current can be supplied 
to the living body to treat the affected part. 
[0102] Since the mark body can be sterilized, it can be 
inserted into the living body without the possibility of an 
infectious disease . 

20 [0103] The prostatic hypertrophy can be treated. 

[0104] Since the mark body is formed in a shape and a size 
which have no influence on the palpation, the user can perform 
palpation and so forth without suffering from any degradation 
of the feeling of the fingertip. 

25 [0105] Since the sensor is provided on the diagnosing 
implement, while a doctor or the like palpates the affected 
part of a patient using the diagnosing implement, it can dispose 
the sensor at the position of the affected part. Since the 
sensor can detect the distance to the mark body provided on 

30 the applicator, the optimum position of the applicator can 
be discriminated based on the detected distance. Since a 
result of the discrimination is presented by means of the 
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presentation means, the user can position the applicator 
readily at the affected part in accordance with the 
presentation. 

[0106] The entire disclosure of Japanese Patent 

5 Application No. 2003-087932 filed on March 27, 2003 including 
specification, claims, drawings, and summary are incorporated 
herein by reference in its entirety. 
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